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©  Method  and  apparatus  for  generating  and  detecting  an  agglomeration  reaction  in  a  liquid  sample. 

©  A  mixture  is  prepared  by  mixing  carriers  to  which  a  substance  specifically  reacting  on  an  object  substance 
adheres  with  a  sample  containing  the  object  substance.  The  mixture  is  irradiated  by  light  having  an  intensity 
gradient  to  concentrate  the  carriers  at  and  near  the  irradiated  positions  by  the  optical  pressure  of  the  light.  The 
efficiency  of  an  agglomeration  reaction  of  the  carriers  is  thereby  increased.  A  qualitative  or  quantitative 
measurement  of  the  object  substance  is  performed  by  detecting  a  state  of  agglomeration  of  the  carriers  within 
the  mixture. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

5  This  invention  relates  to  sample  measurments,  and  more  particularly,  to  measuring  an  object  substance 
within  a  sample  by  generating  and  detecting  an  agglomeration  reaction  of  microcarriers  by  specific 
coupling,  such  as  an  antigen-antibody  reaction  or  the  like. 

2.  Description  of  the  Prior  Art 
70 

A  method  of  measuring  an  object  substance  within  a  sample  with  high  accuracy  utilizing  a  reaction  of 
specifically  coupling  to  the  object  substance,  for  example,  an  antigen-antibody  reaction,  so-called  im- 
munoassay,  has  been  known.  In  one  method,  a  reagent  having  a  predetermined  concentration  containing  a 
substance  (for  example,  a  monochlonal  antibody),  which  is  specifically  coupled  to  an  object  substance  (for 

w  example,  a  paticular  antigen),  adhered  to  the  surfaces  of  carriers  (for  example,  latex  particles),  serving  as 
insoluble  fine  particles,  is  prepared.  The  reagent  is  mixed  with  a  sample,  such  as  serum  or  the  like,  to 
agglomerate  the  carriers  by  an  antigen-antibody  reaction,  and  so-called  incubation  is  performed  wherein  the 
carriers  are  left  alone  for  a  time  period  (usually,  about  20  -  30  minutes)  to  allow  a  sufficient  agglomeration 
reaction  at  a  constant  temperature.  Subsequently,  the  object  antigen  in  the  serum  is  qualitatively  or 

20  quantitatively  measured  by  measuring  the  agglomeration  state  of  the  carriers  mainly  by  an  optical  method. 
This  method  is  described  in  detail  in,  for  example,  Japanese  Patent  Public  Disclosure  (Kokai)  Nos.  53- 
24015  (1978),  54-108693  (1979),  54-108694  (1979),  54-108695  (1979),  54-109494  (1979),  55-159157  (1980) 
and  62-81567  (1987). 

In  the  above-described  conventional  method,  however,  in  the  process  wherein  the  carriers  agglomerate 
25  to  form  clumps  in  incubation,  contact  between  respective  carriers  is  mainly  caused  by  the  Brownian 

movement  of  the  carriers  themselves.  Hence,  particularly  when  the  concentration  of  the  carriers  in  a 
reaction  fluid  is  low,  the  reaction  is  inefficient,  and  much  time  is  needed. 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  present  invention  to  provide  a  method  and  apparatus  which  accelerates  an 
agglomeration  reaction  of  microcarriers. 

It  is  another  object  of  the  present  invention  to  provide  a  method  and  apparatus  for  measuring  a  reaction 
product  agglomerated  by  the  above-described  method. 

35  It  is  still  another  object  of  the  present  invention  to  provide  a  method  and  apparatus  which  can  perform  a 
reaction  product  measurement  with  high  accuracy  using  image  processing. 

The  invention  is  directed  to  sample  processing  in  which  carriers  to  which  a  substance  reactive  with  an 
object  substance  adheres  are  mixed  with  a  sample.  The  mixture  is  irradiated  to  concentrate  the  carriers 
whereby  the  efficiency  of  agglomeration  is  increased. 

40 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIGS.  1a  and  1b  are  diagrams  illustrating  the  basic  principle  of  the  present  invention; 
FIG.  2  shows  an  apparatus  according  to  a  first  embodiment  of  the  present  invention; 

45  FIG.  3  shows  an  apparatus  according  to  a  second  embodiment  of  the  present  invention; 
FIG.  4  shows  an  apparatus  according  to  a  third  embodiment  of  the  present  invention; 
FIG.  5  shows  an  apparatus  according  to  a  fourth  embodiment  of  the  present  invention; 
FIG.  6  illustrates  how  a  light  beam  spot  scans  within  a  measuring  cell; 
FIG.  7  is  a  graph  showing  a  correlation  relationship; 

50  FIG.  8  shows  an  apparatus  according  to  a  fifth  embodiment  of  the  present  invention;  and 
FIG.  9  shows  an  apparatus  according  to  a  sixth  embodiment  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

55  Basic  Principle 

The  basic  principle  of  the  present  invention  will  be  explained  with  reference  to  FIGS.  1  (a)  and  1  (b).  In 
general,  when  very  fine  particles  are  dispersed  in  a  fluid  as  shown  in  FIG.  1  (a),  if  a  beam  waist  is  formed 
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within  the  fluid  using  a  light  beam  having  a  very  high  intensity  and  an  intensity  gradient,  such  as  a  laser 
light  beam  having  a  Gaussian  distribution,  a  phenomenon  is  known  to  appear  wherein  a  centripetal  force 
due  to  the  optical  pressure  of  the  laser  light  is  exerted  to  collect  the  suspended  fine  particles  near  the 
center  of  the  beam  waist,  as  shown  in  FIG.  1(b).  This  phenomenon  is  generally  termed  optical  trapping,  and 

5  is  a  useful  method  to  move  fine  particles  in  a  fluid  to  a  particular  place,  or  to  collect  them.  The  basic 
principle  of  the  present  invention  resides  in  increasing  a  local  density  of  carrier  fine  particles  and  thereby 
accelerating  an  agglomeration  reaction  by  concentrating  the  particles  at  a  beam  waist  portion  utilizing  the 
phenomenon  of  the  optical  trap.  The  speed  and  sensitivity  in  measurement  are  thereby  increased. 

w  First  Embodiment 

A  detailed  explanation  will  now  be  provided  of  an  apparatus  of  a  first  embodiment  of  the  present 
invention  with  reference  to  the  drawings.  FIG.  2  shows  the  configuration  of  an  apparatus  of  the  first 
embodiment.  In  FIG.  2,  a  light  source  1  emits  illuminating  light  having  an  intensity  gradient.  In  the  present 

75  embodiment,  a  small,  inexpensive  semiconductor  laser  is  used  as  the  light  source  1.  A  beam  splitter  2 
converts  the  light  from  the  light  source  1  into  a  parallel  light  beam.  A  beam  splitter  3  is  obliquely  provided 
in  the  optical  path.  One  of  the  light  beams  branching  from  the  beam  splitter  3  is  condensed  by  a  condenser 
lens  11,  and  the  intensity  of  the  condensed  light  beam  is  detected  by  a  photodetector  12.  A  control  and 
arithmetic  circuit  20  monitors  the  actual  intensity  of  the  light  emitted  from  the  light  source  1  obtained  from 

20  the  photodetector  12,  and  controls  the  amount  of  emission  of  the  light  source  1  so  that  the  actual  intensity 
equals  a  set  intensity.  Another  light  beam  branching  from  the  beam  splitter  3  is  condensed  by  a  condenser 
lens  4  to  form  a  beam  waist  having  an  intensity  gradient  in  a  portion  5  of  a  reaction  cell  31  for  detection. 
The  reaction  cell  31  is  made  of  a  material,  such  as  transparent  glass,  plastic  or  the  like,  and  has  a  structure 
such  that  a  reaction  sample  is  sealed  within  the  cell.  Where  the  light  beam  leaves  the  reaction  cell  31,  there 

25  is  provided  a  light-tight  light  stopper  6,  which  cuts  transmitted  light  passing  through  the  reaction  ceil  31.  By 
means  of  the  light  stopper  6,  only  scattered  light  generated  at  the  portion  5  for  detection  of  a  substance 
suspended  within  the  reaction  sample  is  condensed  by  a  condenser  lens  21  to  be  incident  upon  a 
photodetector  22,  whose  detection  output  is  input  to  the  control  and  arithmetic  circuit  20. 

The  reaction  sample  sealed  within  the  reaction  cell  31  is  prepared  by  mixing  a  reagent  having  a 
30  predetermined  concentration  and  containing  a  monoclonal  antibody,  which  tends  to  be  specifically  coupled 

to  a  particular  target  antigen,  adhered  to  the  surfaces  of  a  large  number  of  latex  particles  having  a  diameter 
of  about  0.3  urn,  with  a  sample  (in  general,  blood  components,  or  a  body  fluid,  such  as  urine,  saliva  or  the 
like).  A  detailed  explanation  thereof  will  be  omitted,  since  such  samples  are  described  in  detail  in  the  above- 
described  patent  publications.  The  carriers  are  not  limited  to  latex  particles,  but  various  kinds  of  fine 

35  particles  may  also  be  used.  For  example,  glass  particles,  ceramic  particles,  kaolin,  carbon  black,  micro- 
capsules  or  the  like  may  be  used. 

When  a  beam  waist  having  an  intensity  gradient  has  been  formed  at  the  portion  5  for  detection  within 
the  reaction  cell  31  ,  a  large  number  of  latex  particles  are  collected  near  the  center  of  the  beam  waist  due  to 
the  phenomenon  of  optical  trapping  to  increase  the  presence  density,  that  is,  the  local  concentration  of  latex 

40  particles.  As  a  result,  the  probability  of  contact  between  the  latex  particles  increases  to  accelerate  the 
agglomeration  of  the  latex  particles  via  the  target  antigen  within  the  serum.  Thus,  if  the  target  antigen  is 
present  within  the  sample,  the  latex  particles  agglomerate  to  form  a  large  number  of  clumps  composed  of 
about  2  -  5  particles.  If  the  target  antigen  is  absent,  clumps  are,  of  course,  not  formed. 

Clumps  are  more  easily  formed  as  the  size  of  used  latex  particles  is  smaller.  However,  if  the  size  is  too 
45  small,  it  becomes  difficult  to  perform  optical  measurement  due  to  the  relationship  with  the  wavelength  of 

measuring  light.  While  the  size  is  set  to  0.3  urn  in  the  present  embodiment,  the  size  of  about  0.1  mm  -  2.0 
urn  is  generally  preferred. 

Heretofore,  in  order  to  generate  the  above-described  agglomeration  reaction  of  the  latex  particles,  an 
accidental  phenomenon,  such  as  the  Brownian  movement,  stirring  or  the  like,  has  been  utilized.  Hence,  the 

so  frequency  of  contact  between  latex  particles  is  very  small.  As  a  result,  in  order  to  complete  a  sufficient 
agglomeration  reaction  of  latex  particles,  incubation  for  a  period  as  long  as  20  -  30  minutes  has  been 
needed.  To  the  contrary,  in  the  present  embodiment,  since  latex  particles  are  concentrated  near  the  center 
of  the  beam  waist  utilizing  the  above-described  phenomenon  of  the  optical  trap  to  accelerate  the 
agglomeration  reaction  of  the  latex  particles,  it  is  possible  to  shorten  the  time  needed  for  incubation. 

55  Furthermore,  the  present  embodiment  also  has  the  effect  of  increasing  the  sensitivity  in  measurement,  since 
the  agglomeration  reaction  is  generated  by  increasing  a  local  concentration  utilizing  the  optical  trap  even  if 
the  total  concentration  of  the  latex  particles  is  low. 

If  the  above-described  laser  light  is  cut  or  the  intensity  of  the  light  is  reduced  by  a  command  from  the 
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control  and  arithmetic  circuit  20  after  thus  accelerating  the  agglomeration  reaction  of  the  latex  particles  by 
continuously  irradiating  the  light  for  a  predetemined  time  period,  the  force  of  the  optical  trap  is  thereby 
reduced,  and  the  latex  particles  concentrated  near  the  beam  waist  are  gradually  dispersed  within  the  entire 
fluid  due  to  the  Brownian  movement  and  the  like.  At  that  time,  the  clumps  of  the  latex  particles  formed  by 

5  an  antigen-antibody  reaction  are  dispersed  while  preserving  the  clumps.  If  a  stirring  means  or  a  vibration 
means  is  provided  to  stir  or  vibrate  the  fluid  within  the  reaction  cell  31  so  that  the  dispersion  is  efficiently 
performed  within  a  short  time  period,  a  more  effective  result  may  be  obtained. 

Subsequently,  the  degree  of  the  agglomeration  reaction  of  the  latex  particles  within  the  sample  for 
which  incubation  has  been  completed  is  measured.  An  explanation  will  now  be  provided  of  a  measuring 

w  means  for  that  purpose.  In  FIG.  2,  the  illuminating  light  for  measuring  the  state  of  agglomeration  is  obtained 
by  adjusting  the  intensity  of  the  laser  light  emitted  from  the  light  source  1  .  The  control  and  arithmetic  circuit 
20  sets  the  intensity  of  the  laser  light  to  an  intensity  which  is  sufficient  for  measuring  a  distribution  of  the 
latex  particles  and  is  not  so  strong  as  to  form  clumps  of  the  latex  particles  by  optical  trapping. 

The  latex  particles  irradiated  by  the  laser  light  generate  peculiar  scattered  light  in  accordance  with  the 
15  state  of  agglomeration  of  the  particles.  Forwardly-scattered  light  of  the  scattered  light  directed  in  the  forward 

direction  of  the  optical  path  is  condensed  onto  the  photodetector  22  by  the  condenser  lens  21.  Data 
representing  the  degree  of  the  agglomeration  reaction  of  the  latex  particles  are  obtained  from  the  detected 
intensity  of  the  forwardly-scattered  light.  The  output  from  the  photodetector  22  is  input  to  the  control  and 
arithmetic  circuit  20,  which  performs  calculation  for  the  analysis  of  the  data.  A  more  detailed  method  of 

20  analyzing  data  is  described  in,  for  example,  Japanese  Patent  Public  Disclosure  (Kokai)  No.  54-109494 
(1979). 

As  another  measuring  method,  after  reducing  the  force  of  optical  trapping  by  reducing  the  intensity  of 
the  laser  light,  the  output  from  the  photodetector  22  may  be  received  a  plurality  of  times  every  time  a 
predetermined  time  period  has  lapsed,  or  output  signals  from  the  photodetector  22  are  continuously 

25  detected  to  dynamically  analyze  the  data,  as  described  in  the  above-described  patent  publication. 
The  concentration  of  the  target  antigen  can  be  obtained  by  comparing  the  result  of  measurement  thus 

obtained  with  a  working  curve  obtained  by  measuring  a  group  of  the  target  antigen  having  known 
concentrations  in  advance. 

Latex  particles  and  serum,  serving  as  a  sample,  have  their  own  peculiar  characteristics  of  scattered 
30  light.  Hence,  data  obtained  by  measuring  in  advance  characteristics  of  scattered  light  from  only  latex 

particles,  only  serum,  or  a  mixture  fluid  of  the  latex  particles  and  the  serum  before  the  occurrence  of  the 
agglomeration  reaction  of  the  latex  particles  are  stored  in  a  memory  as  references,  and  the  values  of  the 
data  are  subtracted  from  actually  measured  values  as  noise  components.  The  references  may  be  measured 
by  the  same  apparatus  before  starting  the  optical  trap,  or  may  be  extracted  from  data  previously  stored  as 

35  data  base  in  accordance  with  objects  to  be  measured. 

Second  Embodiment 

An  explanation  will  now  be  provided  of  a  second  embodiment  of  the  present  invention.  FIG.  3  shows  the 
40  configuration  of  an  apparatus  of  the  second  embodiment.  Numerals  identical  to  those  in  FIG.  2  indicate 

identical  or  equivalent  components. 
In  FIG.  3,  a  measuring  light  source  41  emits  illuminating  light  for  measurement,  which  has  a  wavelength 

different  from  that  of  the  laser  light  from  the  above-described  light  source  1  .  A  usual  LED  (light-emitting 
diode),  an  LED  having  high  brightness,  a  semiconductor  laser  or  the  like  is  preferred  as  the  light  source  1 

45  for  the  purpose  of  providing  a  small  light  source.  However,  the  light  source  1  is  of  course  not  limited  to 
such  a  light  source.  A  collimating  lens  42  converts  the  illuminating  light  emitted  from  the  measuring  light 
source  41  into  a  parallel  light  beam.  A  condenser  lens  43  illuminates  the  reaction  cell  31  over  a  wide  range. 
There  is  also  shown  a  dichroic  mirror  44.  A  band-pass  filter  45  has  charateristics  of  cutting  the  wavelength 
of  the  laser  light  originating  from  the  light  source  1  and  selectively  passing  the  wavelength  of  the  light 

so  originating  from  the  measuring  light  source  41  . 
While  the  forwardly-scattered  light  has  been  detected  in  the  FIG.  2  embodiment,  in  the  present 

embodiment,  laterally-scattered  light  directed  in  lateral  directions  from  the  reaction  cell  31  is  condensed  by 
a  condenser  lens  23,  and  is  detected  by  a  photodetector  24.  Although,  in  the  present  embodiment,  lateral 
directions  are  set  to  directions  having  an  angle  of  90  degrees  relative  to  the  optical  axis  of  the  illuminating 

55  light,  the  lateral  directions  are  not  limited  to  90  degrees,  but  an  arbitrary  angle  may  be  selected. 
Next,  an  explanation  will  be  provided  of  the  operation  of  the  above-described  configuration.  As  in  the 

FIG.2  embodiment,  the  laser  light  from  the  light  source  1  forms  a  beam  waist  having  a  high  optical  energy 
density  at  the  portion  5  for  detection  within  the  reaction  cell  31  .  After  a  predetermined  time  period  wherein 

1 
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an  agglomeration  reaction  of  latex  particles  has  been  sufficiently  performed,  the  light  emission  from  the  light 
source  1  is  stopped.  Although  scattered  light  is  generated  by  the  laser  light  emitted  from  the  light  source  1, 
the  system  is  arranged  so  that  the  light  having  the  wavelength  of  the  laser  light  is  not  incident  upon  the 
photodetector  24  by  the  function  of  the  band-pass  filter  45. 

5  At  the  same  time,  the  measuring  light  source  41  is  also  lit  to  provide  illuminating  light  for  measurement 
over  a  wide  range  within  the  reaction  cell  31  .  At  that  time,  the  intensity  of  laterally-scattered  light  directed  to 
lateral  directions  of  the  scattered  light  generated  by  the  latex  particles  passes  through  the  condenser  lens 
23  and  the  band-pass  filter  45,  and  is  detected  by  the  photodetector  24.  Since  the  light  emitted  from  the 
measuring  light  source  41  does  not  form  a  beam  waist  within  the  reaction  cell  31  ,  the  phenomenon  of  the 

70  optical  trap  does  not  occur.  Hence,  it  becomes  possible  to  freely  set  the  intensity  of  the  illuminating  light  to 
a  value  which  is  suitable  for  detecting  the  scattered  light.  Furthermore,  since  the  wavelength  of  the  light 
from  the  measuring  light  source  41  can  be  freely  selected,  it  is  possible  to  select  a  wavelength  with  which 
scattered  light  may  be  effectively  generated  by  latex  particles  having  a  predetermined  particle  size. 

In  the  present  embodiment,  the  system  is  arranged  so  that  the  output  from  the  photodetector  24,  that  is, 
75  the  scattered  light  caused  by  the  measuring  light  fr   ̂ the  light  source  41  ,  is  detected  before  irradiating  the 

laser  light  from  the  light  source  1  ,  that  is,  before  i-r.s  agglomeration  reaction  is  completed.  The  detected 
data  are  received  as  reference  data.  Subsequently,  outputs  from  the  photodetector  24  are  time  serially  input 
to  the  control  and  arithmetic  circuit  20,  and  the  calculation  of  analysis  is  performed  using  a  plurality  of 
obtained  data. 

20  According  to  the  present  embodiment,  since  the  light  source  for  the  optical  trap  and  the  light  source  for 
measurement  are  separately  provided,  and  only  scattered  light  caused  by  the  light  for  measurement  is 
detected  by  performing  wavelength  selection,  it  becomes  possible  to  detect  the  scattered  light  to  be 
measured  in  all  the  processes,  and  to  perform  a  more  detailed  analysis. 

25  Third  Embodiment 

A  detailed  explanation  will  now  be  provided  of  an  apparatus  according  to  a  third  embodiment  of  the 
present  invention  with  reference  to  FIG.  4.  In  FIG.  4,  a  light  source  1  emits  irradiating  light  having  an 
intensity  gradient.  In  the  present  embodiment,  a  YAG  laser  having  a  wavelength  of  1064  nm  is  used  as  the 

30  light  source  1.  There  are  shown  a  density  filter  2,  a  beam  expander  3,  and  a  beam  splitter  4  obliquely 
provided  in  the  optical  path.  One  of  the  light  beams  branching  from  the  beam  splitter  4  is  condensed  by  a 
condenser  lens  6,  and  the  intensity  of  the  condensed  light  is  detected  by  a  photodetector  7.  A  control 
circuit  (not  shown)  monitors  the  actual  intensity  of  the  light  emitted  from  the  light  source  1  obtained  from 
the  photodetector  7,  and  controls  the  amount  of  emission  of  the  light  source  1  so  that  the  actual  intensity 

35  equals  a  set  intensity. 
Another  light  beam  branching  from  the  beam  splitter  4  is  reflected  by  a  dichroic  mirror  5,  and  reaches 

an  objective  lens  13.  The  objective  lens  13  is  an  immersion  lens  having  a  high  numerical  aperture  (NA).  In 
the  present  embodiment,  NA  =  1.25.  The  laser  light  passing  through  the  objective  lens  13  passes  through 
immersion  oil  12,  and  forms  a  beam  waist  11  having  an  intensity  gradient  at  a  portion  for  detection  within  a 

40  reaction  cell  31.  The  reaction  cell  31  is  made  of  a  material,  such  as  transparent  glass,  plastic  or  the  like, 
and  has  a  structure  so  that  a  reaction  sample  is  sealed  within  the  cell. 

The  reaction  sample  sealed  within  the  reaction  cell  31  is  prepared  by  mixing  a  reagent  having  a 
predetermined  concentration  and  containing  a  monoclonal  antibody,  which  tends  to  be  specifically  coupled 
to  a  particular  target  antigen,  adhered  to  the  surfaces  of  a  large  number  of  latex  particles  having  a  diameter 

45  of  about  0.5  urn,  with  a  sample  (in  general,  blood  components,  or  a  body  fluid,  such  as  urine,  saliva  or  the 
like).  A  detailed  explanation  thereof  will  be  omitted,  since  such  samples  are  described  in  detail  in  the  above- 
described  patent  publications. 

When  the  beam  waist  1  1  having  an  intensity  gradient  has  been  formed  at  the  portion  5  for  detection 
within  the  reaction  cell  31  ,  a  large  number  of  latex  particles  are  collected  near  the  center  of  the  beam  waist 

so  11  due  to  the  phenomenon  of  optical  trapping  to  increase  the  presence  density,  that  is,  the  local 
concentration  of  latex  particles.  As  a  result,  the  probability  of  contact  between  the  latex  particles  increases 
to  accelerate  the  agglomeration  of  the  latex  particles  via  the  target  antigen  within  the  serum.  Thus,  if  the 
target  antigen  is  present  within  the  sample,  the  latex  particles  agglomerate  to  form  a  large  number  of 
clumps  composed  of  about  2-5  particles.  If  the  target  antigen  is  absent,  clumps  are,  of  course,  not  formed. 

55  Heretofore,  in  order  to  generate  the  above-described  latex  agglomeration  reaction  of  the  latex  particles, 
an  accidental  phenomenon,  such  as  the  Brownian  movement,  stirring  or  the  like,  has  been  utilized.  Hence, 
the  frequency  of  contact  between  latex  particles  is  very  small.  As  a  result,  in  order  to  complete  a  sufficient 
agglomeration  reaction  of  latex  particles,  incubation  for  a  period  as  long  as  20  -  30  minutes  has  been 
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needed.  To  the  contrary,  in  the  present  embodiment,  since  latex  particles  are  concentrated  near  the  center 
of  the  beam  waist  utilizing  the  above-described  phenomenon  of  the  optical  trap  to  accelerate  the 
agglomeration  reaction  of  the  latex  particles,  it  is  possible  to  shorten  the  time  needed  for  incubation. 
Furthermore,  the  present  embodiment  also  has  the  effect  of  increasing  the  sensitivity  in  measurement,  since 

5  the  agglomeration  reaction  is  generated  by  increasing  a  local  concentration  utilizing  the  optical  trap  even  if 
the  total  concentration  of  the  latex  particles  is  low. 

If  the  above-described  laser  light  is  cut  or  the  intensity  of  the  light  is  reduced  by  a  command  from  a 
control  circuit  after  thus  accelerating  the  agglomeration  reaction  of  the  latex  particles  by  continuously 
irradiating  the  light  for  a  predetemined  time  period,  the  force  of  the  optical  trap  is  thereby  reduced,  and  the 

10  latex  particles  concentrated  near  the  beam  waist  are  gradually  dispersed  within  the  entire  fluid  due  to  the 
Brownian  movement  and  the  like.  At  that  time,  the  clumps  of  the  latex  particles  formed  by  an  antigen- 
antibody  reaction  are  dispersed  while  preserving  the  clumps.  If  a  stirring  means  or  a  vibration  means  is 
provided  to  stir  or  vibrate  the  fluid  within  the  reaction  cell  31  so  that  the  dispersion  is  efficiently  performed 
within  a  short  time  period,  a  more  effective  result  may  be  obtained. 

75  As  the  next  step,  the  degree  of  the  agglomeration  reaction  of  the  latex  particles  within  the  sample  for 
which  incubation  has  been  completed  is  measured.  An  explanation  of  a  measuring  means  for  that  purpose 
will  now  be  described. 

In  FIG.  4,  an  image  of  latex  particles  illuminated  by  the  visible  light  having  a  wavelength  of  400  nm  - 
800  nm  by  an  illuminating  optical  system  (not  shown)  is  condensed  by  the  objective  lens  13,  and  reaches 

20  again  the  dichroic  mirror  5.  As  described  above,  the  dichroic  mirror  5  has  characteristics  of  reflecting  the 
laser  light  having  the  wavelength  of  1064  nm  and  transmitting  the  visible  light.  Hence,  the  above-described 
image  of  latex  particles  is  transmitted  through  the  dichroic  mirror  5,  passes  through  a  density  filter  14  and 
an  eyepiece  15,  and  is  imaged  onto  a  two-dimensional  imaging  device  (hereinafter  termed  a  "CCD")  16, 
serving  as  a  photosensor  array. 

25  Image  signals  for  a  plurality  of  images  obtained  by  the  CCD  16  are  input  to  a  digital  frame  memory  17 
and  a  VCR  (video  cassette  recorder)  19  to  be  stored  as  digital  and  analog  image  information,  respectively. 
An  image  processing  apparatus  18  performs  image  processing  for  analysis  according  to  the  contents  of  the 
frame  memory  17.  The  result  of  the  image  processing  is  output  to  a  CRT  20  or  a  printer  (not  shown).  It  is 
also  possible  to  output  the  image  recorded  in  the  VCR  19  to  the  CRT  20.  The  system  also  has  the  function 

30  of  first  recording  all  images  in  the  VCR  19,  subsequently  performing  A/D  conversion  of  reproduced  output 
signals,  and  storing  the  converted  signals  in  the  frame  memory  17.  Thus,  it  is  possible  to  repeatedly 
analyze  images  at  various  time  periods  with  a  minimum  capacity  of  the  frame  memory. 

Although,  in  the  present  embodiment,  images  of  a  sample  are  imaged  using  a  two-dimensional 
photosensor  array,  a  one-dimensional  photosensor  array  may  also  be  used  to  obtain  substantially-two- 

35  dimensional  image  information  by  relatively  moving  the  reaction  cell  and  the  photosensor  array. 
The  above-desribed  image  processing  apparatus  18  has  mainly  the  following  three  image  processing 

functions.  These  functions  are  selected  by  the  operator. 

(1)  First  Image  Processing  Function 

A  first  image  processing  function  is  calculation  of  a  product  of  two  identical  images  while  shifting  the 
images,  that  is,  a  function  to  calculation  of  the  autocorrelation  of  an  image. 

In  general,  if  an  amount  of  shift  between  two  identical  images  is  represented  by  («,£),  the  two- 
dimensional  autocorrelation  function  4>(cc,0)  of  the  image  is  defined  by: 

When  a  large  number  of  particles  having  a  single  diameter  are  randomly  present  on  an  image,  the 
correlation  function  is  expressed  in  the  form  of  exp  (-Va2  +  jŜ /f  )  which  has  a  maximum  value  when  the 
distance  Va*  +  0*  =  Q,  and  decreases  as  the  value  V«2  +  0*  increases,  where  f  is  a  parameter  representing 
the  particle  size,  and  is  termed  a  correlation  distance.  When  latex  particles  do  not  agglomerate,  the 

55  parameter  f  has  a  predetermined  value  f  1  corresponding  to  the  paticle  size  of  latex  particles.  If  a2  +  /31  =  f  2  , 
the  correlation  function  becomes  1/e.  When  latex  particles  agglomerate  caused  by  an  agglomeration 
reaction,  it  can  be  assumed  that  the  particle  size  of  latex  particles  has  substantially  increased.  Hence,  the 
correlation  distance  f2  has  a  value  larger  than  the  predetermined  value  f  1  . 

40 

45 

y  +  £  )  f  (x,   y  )  dx  d y  

50 

6 



EP  0  455  125  A2 

Such  relationship  is  shown  in  FIG.  7,  wherein  solid  curve  A  represents  the  correlation  function  when  an 
agglomeration  reaction  of  latex  particles  is  not  generated,  and  two-dot  chain  curve  B  represents  the 
correlation  function  when  an  agglomeration  reaction  of  latex  particles  is  generated.  As  is  apparent  from  FIG. 
7,  the  degree  of  an  agglomeration  reaction  of  latex  particles  can  be  checked  by  obtaining  the  correlation 

5  distance  }  corresponding  to  the  correlation  function  having  a  value  of  1/e,  or  by  obtaining  a  value  of  the 
correlation  function  when  the  two  images  are  shifted  by  a  predetermined  distance 

More  specifically,  after  forming  the  clumps  of  the  latex  particles  by  optical  trapping  and  then  reducing 
the  intensity  of  the  laser  light,  an  image  is  received  when  the  latex  particles  concentrated  at  one  portion 
have  been  sufficiently  dispersed,  and  the  received  image  is  binary-coded  with  a  certain  threshold  value. 

w  Autocorrelation  is  obtained  by  calculating  a  product  of  two  identical  binary-coded  images  while  shifting  the 
positions  of  the  images.  Thus,  the  measurement  of  an  object  antigen  can  be  performed  from  the  degree  of 
an  agglomeration  reaction  of  the  latex  particles. 

(2)  Second  Image  Processing  Function 

A  second  image  processing  function  is  calculation  of  a  product  of  different  images  which  change  with 
time,  that  is,  calculation  of  cross-correlation  between  images. 

The  cross-correlation  function  i/>(t)  having  a  parameter  of  time  t  is  defined  by: 

When  a  large  number  of  particles  having  a  single  diameter  are  present  on  an  image,  and  the  positions 
25  of  the  particles  stochastically  vary  due  to  the  Brownian  movement  and  the  like,  the  correlation  function  is 

expressed  in  the  form  of  exp  (-t/r),  which  has  a  maximum  value  when  time  t  =  0  and  decreases  as  time  t 
increases,  where  r  is  a  parameter  also  representing  the  particle  size,  and  is  termed  a  correlation  time.  FIG. 
7  shows  such  relationship. 

More  specifically,  when  the  latex  particles  have  been  sufficiently  dispersed  after  the  lapse  of  a 
30  predetermined  time  after  dissolving  the  optical  trap  by  reducing  the  intensity  of  the  above-described  laser 

light,  two  images  are  received  with  a  certain  time  interval,  and  the  correlation  function  of  the  two  images  is 
calculated.  The  degree  of  the  state  of  agglomeration  of  the  latex  particles  is  thereby  obtained,  and  the 
measurement  of  a  target  antigen  can  be  performed.  In  this  case,  however,  since  the  correlation  time  t  also 
depends  on  the  degree  of  position  variations  due  to  the  Brownian  movement  and  the  like,  it  is  desirable  to 

35  perform  temperature  control  of  the  reaction  cell.  It  is  more  preferred  to  change  the  time  interval  for 
receiving  images  in  accordance  with  temperature. 

(3)  Third  Image  Processing  Function 

40  A  third  image  processing  function  utilizes  the  technique  of  contour  extraction.  As  in  the  second  image 
processing  function,  an  image  is  received  when  the  latex  particles  have  been  sufficiently  dispersed  after  the 
lapse  of  a  predetermined  time  after  dissolving  the  optical  trap  by  reducing  the  intensity  of  the  laser  light. 
The  received  image  is  binary-coded  with  a  predetermined  threshold  value,  and  contour  lines  are  extracted 
from  the  binary-coded  image  by  image  processing.  The  contour  lines  are  approximated  to  circles.  Since  the 

45  radius  of  the  circle  is  known  as  the  radius  of  the  latex  particle,  the  approximation  may  be  easily  performed. 
At  that  time,  contour  lines  which  are  smaller  than  the  latex  particle  are  removed  as  noise  in  the  image. 
When  an  agglomeration  reaction  of  the  latex  particles  is  generated,  contour  lines  greater  than  the  latex 
particle  are  produced.  In  this  case,  the  contour  lines  are  processed  as  the  superposition  of  a  plurality  of 
circles.  By  statistically  processing  the  areas,  shapes  and  the  like  of  contours  obtained  as  a  result  of  the 

50  above-described  image  processing,  the  number  of  the  latex  particles,  the  number  of  the  latex  particles 
agglomerated  by  an  agglomeration  reaction,  the  ratio  of  the  two  numbers,  and  the  like  within  the  image  are 
obtained.  The  degree  of  the  agglomeration  reaction  of  the  latex  particles  is  thereby  known,  and  the 
measurement  of  a  target  antigen  can  be  performed. 

Although  an  explanation  has  been  provided  of  a  method  to  approximate  contour  lines  larger  than  the 
55  latex  particle  with  a  plurality  of  circles,  a  method  to  recognize  the  contour  lines  simply  as  a  clump  of  the 

latex  particles  without  performing  approximation  may  also  be  used.  This  method  has  a  feature  of  increasing 
the  processing  speed  because  an  algorithm  for  image  processing  becomes  very  simple.  Futhermore, 
although  a  binary-coding  method  has  been  shown  as  a  method  to  extract  contour  lines,  another  method 

75 
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f ( x ,   y,  T  +  t)   f ( x ,   y,  T)  dx  d y  

7 



EP  0  455  125  A2 

may  be  adopted  wherein  contour  lines  are  obtained  by  differentiating  the  image  and  performing  edge 
emphasis  processing. 

In  the  above-described  first  and  third  image  processing  functions,  for  the  purpose  of  simplifying  the 
explanation,  an  image  received  when  a  predetermined  time  has  lapsed  after  reducing  the  intensity  of  the 

5  laser  light  is  used.  However,  the  number  of  images  need  not  be  limited  to  one.  By  continuously  or 
intermittently  performing  measurement,  it  is  possible  to  catch  a  change  in  time  of  the  result  of  measure- 
ment,  and  to  further  improve  reliability  in  measurement. 

Similarly,  also  in  the  above-described  second  image  processing  function,  it  is  possible  to  perform  a 
more  accurate  measurement  by  time-serially  and  continuously  receiving  a  plurality  of  images,  and 

70  calculating  cross-correlation  between  respective  images. 
In  calculating  autocorrelation  and  cross-correlation,  it  is  not  always  necessary  to  use  binary-coded 

images,  but  the  calculation  of  the  correlation  function  may  be  performed  using  multivalued  halftone  images 
received  by  a  CCD. 

75  Fourth  Embodiment 

A  fourth  embodiment  of  the  present  invention  will  now  be  explained  with  reference  to  FIG.  5.  In  FIG.  5, 
numerals  identical  to  those  in  FIG.  4  indicate  identical  or  similar  components. 

In  the  preceding  embodiment,  in  order  to  obtain  image  information,  an  image  within  the  measuring  cell 
20  is  imaged  by  the  CCD,  serving  as  the  photosensor  array.  In  the  present  embodiment,  however,  image 

information  is  obtained  by  performing  two-dimensional  optical  scanning  within  the  measuring  cell  with  a  fine 
light  beam  spot,  and  time-serially  detecting  generated  light  by  a  single  photosensor. 

The  mechanism  to  accelerate  the  agglomeration  reaction  of  the  latex  particles  by  the  phenomenon  of 
optical  trapping  is  the  same  as  in  the  forgoing  FIG.  4  embodiment.  The  beam  waist  11  is  formed  within  the 

25  measuring  cell  31  to  accelerate  the  agglomeration  reaction  of  the  carriers. 
As  a  laser  light  source  21  ,  serving  as  a  light  source  for  scanning  light,  a  semiconductor  laser  having  a 

wavelength  of,  for  example,  670  nm,  which  is  different  from  the  wavelength  of  the  laser  light  source  (YAG 
laser)  1  for  the  optical  trap,  is  used.  The  laser  light  emitted  from  the  laser  light  source  21  is  scanned  in  the 
main-scanning  direction  by  an  acoustooptical  device  (hereinafter  termed  an  "AOD")  22.  After  passing 

30  through  a  beam  expander  23,  the  laser  light  is  scanned  in  the  subscanning  direction  orthogonal  to  the 
above-described  main-scanning  direction  by  a  vibrating  mirror  24.  Thus,  the  combination  of  the  AOD  and 
the  vibrating  mirror  constitutes  a  two-dimensional  optical  system. 

The  scanned  light  is  directed  in  the  direction  of  the  measuring  cell  31  by  a  half-mirror  25,  then  forms  a 
fine  imaged  spot  of  about  0.5  u.m  within  the  measuring  cell  31  by  the  objective  lens  13,  and  performs  two- 

35  dimensional  optical  scanning  of  the  portion  for  measurement  within  the  measuring  cell  31  with  the  imaged 
spot.  FIG.  6  shows  the  two-demensional  optical  scanning.  In  FIG.  6,  the  latex  particles  are  concentrated  at 
the  beam  waist  11  of  the  laser  light,  and  an  imaged  spot  30  performs  two-dimensional  scanning  in  the 
direction  of  the  arrow. 

Scattered  light  generated  from  the  position  irradiated  by  the  imaged  spot  30  at  that  time  passes  through 
40  the  the  band-pass  filter  14  and  the  condenser  lens  15,  and  is  incident  upon  a  photodetector  26  comprising  a 

single  photosensor.  The  output  from  the  photodetector  26  is  time-serially  received  in  accordance  with  a 
synchronizing  signal  for  controlling  the  above-described  two-dimensional  scanning  optical  system  to  be 
stored  in  the  frame  memory  17.  Thus,  two-dimensional  image  information  which  is  substantially  equivalent 
to  that  of  the  foregoing  embodiment  is  obtained.  The  methods  of  analyzing  the  image  information  stored  in 

45  the  frame  memory  17  are  the  same  as  in  the  foregoing  embodiment.  Image  processing  is  performed  in  the 
image  processing  apparatus  18  by  an  analyzing  method  selected  by  the  operator. 

Fifth  Embodiment 

so  An  explanation  will  now  be  provided  of  an  appartus  according  to  a  fifth  embodiment  of  the  present 
invention  with  reference  to  FIG.  8,  which  is  substantially  identical  to  FIG.  4.  In  FIG.  8,  the  same  numerals  as 
in  FIG.  4  indicate  the  same  components. 

In  the  present  embodiment,  in  order  to  generate  an  agglomeration  reaction  over  a  wide  range,  a 
swinging  mechanism  41  is  provided  for  the  dichroic  mirror  5,  and  a  vibration  mechanism  42  is  provided  for 

55  the  reaction  cell  31  .  By  swinging  the  dichroic  mirror  5,  the  swinging  mechanism  41  one-dimensionally  scans 
the  beam  waist  1  1  within  the  reaction  cell  31  .  The  vibration  mechanism  42  one-dimensionally  vibrates  the 
reaction  cell  31  in  a  direction  substantially  orthogonal  to  the  scanning  direction.  It  is  thereby  possible  to  two- 
dimensionally  change  the  positional  relationship  between  the  beam  waist  1  1  and  a  reaction  sample  sealed 
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within  the  reaction  cell  31. 
Alternatively,  by  making  one  of  the  vibration  mechanism  42  and  the  swinging  mechanism  41  vibrate  in 

two  dimensions,  the  reaction  cell  31  may  be  two-dimensionally  vibrated  on  a  plane  perpendicular  to  the 
irradiating  optical  axis.  Furthermore,  by  repeatedly  turning  on  and  off  the  above-described  Nd3  laser  light 

5  with  a  predetermined  period  in  synchronization  with  the  two-dimensional  scanning  of  the  beam  waist  1  1  , 
light  illumination  for  the  optical  trap  may  be  performed  at  substantially  plural  fixed  positions. 

When  the  beam  waist  11  having  an  intensity  gradient  is  formed  at  a  portion  for  detection  within  the 
reaction  cell  31  ,  a  large  number  of  latex  particles  are  collected  near  the  center  of  the  beam  waist  1  1  due  to 
the  phenomenon  of  optical  trapping  to  increase  the  presence  density,  that  is,  the  local  concentration  of  the 

70  latex  particles.  As  a  result,  the  probability  of  contact  between  the  latex  particles  increases  to  accelerate  the 
agglomeration  of  the  latex  particles  via  a  target  antigen  within  serum.  Thus,  if  the  target  antigen  is  present 
within  the  sample,  the  latex  particles  agglomerate  to  form  a  large  number  of  clumps  composed  of  about  2  - 
5  particles.  If  the  target  antigen  is  absent,  clumps  are,  of  course,  not  formed.  In  the  present  embodiment, 
since  the  beam  waist  11  is  moved  two-dimensionally  within  the  reaction  sample  sealed  in  the  reaction  cell 

75  31,  latex  particles  present  in  a  wider  range  of  movement  of  the  beam  are  irradiated  with  the  light.  As  a 
result,  a  larger  number  of  latex  particles  present  on  the  locus  of  the  beam  waist  11  can  be  collected  by  the 
optical  trap. 

As  described  above,  according  to  the  present  embodiment,  in  increasing  the  efficiency  of  an  agglomer- 
ation  reaction  utilizing  the  optical  trapping  phenomenon,  the  optical  trapping  is  generated  over  a  wider 

20  range  by  relatively  changing  the  position  of  light  irradiation  for  the  sample.  It  is  thereby  possible  to  further 
accelerate  the  agglomeration  reaction. 

Sixth  Embodiment 

25  An  explanation  will  now  be  provided  of  a  sixth  embodiment  of  the  present  invention  wherein  the  state  of 
agglomeration  of  carriers  is  measured  using  the  technique  of  flow  cytometry. 

As  preprocessing,  incubation  according  to  the  method  shown  in  FIG.  1  is  performed  to  generate  an 
agglomeration  reaction.  Latex  particles  or  clumps  of  latex  particles  are  individually  separated  from  the 
obtained  mixture  after  the  reaction,  and  are  floated  within  a  fine  tube  by  a  laminar  sheath  flow  principle  in 

30  an  apparatus  as  shown  in  FIG.  9.  The  state  of  agglomeration  of  latex  particles  is  measured  by  irradiating 
light  onto  an  individual  particle  and  measuring  generated  scattered  light,  transmitted  light,  fluorescence  or 
the  like.  The  details  of  this  measuring  method  are  described  in,  for  example,  Japanese  Patent  Public 
Disclosure  (Kokai)  Nos.  60-111963  (1985)  and  1-207663  (1989).  Contrary  to  the  method  to  detect  the  entire 
tendency  of  agglomeration  by  simultaneously  irradiating  light  onto  a  plurality  of  carriers  as  in  the  foregoing 

35  embodiment,  the  present  method  detects  the  agglomeration  of  individual  particles.  Hence,  it  is  possible  to 
discriminate  a  more  detailed  state  of  agglomeration,  and  to  perform  measurement  with  high  accuracy. 
Furthermore,  according  to  the  method  of  Japanese  Patent  Public  Disclosure  (Kokai)  No.  1-207663  (1989), 
the  efficiency  of  measurement  is  further  increased  since  antigens  of  different  kinds  can  be  discriminated  in 
one  measurement. 

40  The  state  of  agglutination  of  flowing  particles  may  not  necessarily  be  measured  by  an  optical  method, 
but  by  a  so-called  Coulter  sizing  method  wherein  the  size  of  a  passing  individual  particle  is  measured  by 
detecting  a  change  in  electric  impedance. 

The  invention  has  been  described  with  reference  to  particular  illustrative  embodiments.  It  is  apparent  to 
those  skilled  in  the  art  that  various  modifications  may  be  made  without  departing  from  the  spirit  and  scope 

45  of  the  invention.  In  the  present  invention,  the  method  of  measuring  a  state  of  agglomeration  is  not  limited  to 
the  measurement  of  scattered  light  as  in  the  foregoing  embodiments,  but  various  measuring  methods  may 
also  be  used,  such  as  a  method  by  detecting  a  change  in  turbidity,  that  is,  a  change  in  transmittance  or 
absorbance,  as  described  in  Japanese  Patent  Public  Disclosure  (Kokai)  Nos.  58-187860  (1983)  and  58- 
96251  (1983),  a  method  using  an  integrating  sphere  as  shown  in  Japanese  Patent  Public  Disclosure  (Kokai) 

so  No.  59-187264  (1984),  a  method  utilizing  the  fluctuation  of  light,  a  method  utilizing  photoacoustics,  and  the 
like. 

Claims 

55  1.  A  sample  processing  method  comprising: 
preparing  a  mixture  by  mixing  carriers  to  which  a  substance  specifically  reacting  on  an  object 

substance  adheres  with  a  sample  containing  said  object  substance;  and 
irradiating  light  having  an  intensity  gradient  onto  said  mixture  to  concentrate  said  carriers  at 
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positions  irradiated  by  the  light,  thereby  increasing  the  efficiency  of  an  agglomeration  reaction  of  said 
carriers. 

2.  A  method  according  to  Claim  1  ,  further  comprising  the  step  of  relatively  changing  the  position  irradiated 
by  the  light  in  said  mixture. 

3.  A  method  according  to  Claim  1  ,  wherein  said  light  comprises  a  laser  light. 

4.  A  method  according  to  Claim  1  ,  wherein  said  carriers  comprise  insoluble  fine  particles. 

5.  A  method  according  to  Claim  4,  wherein  said  insoluble  fine  particles  comprise  latex  particles. 

6.  A  method  according  to  Claim  1,  wherein  said  substance  adhered  to  the  carriers  comprises  a 
monoclonal  antibody  specifically  coupled  to  an  object  antigen. 

7.  A  method  according  to  Claim  1  ,  wherein  said  sample  comprises  a  blood  sample. 

8.  A  sample  processing  apparatus  comprising: 
a  measuring  cell  for  receiving  a  mixture  prepared  by  mixing  carriers  to  which  a  substance 

specifically  reacting  on  an  object  substance  adheres  with  a  sample  containing  said  object  substance; 
and 

light  irradiating  means  for  irradiating  light  having  an  intensity  gradient  onto  predetermined  positions 
within  said  measuring  cell  to  concentrate  said  carriers  at  the  irradiated  positions,  thereby  increasing  the 
efficiency  of  an  agglomeration  reaction. 

9.  An  apparatus  according  to  Claim  8,  further  comprising  means  for  relatively  changing  the  position 
irradiated  by  the  light  in  said  mixture. 

10.  An  apparatus  according  to  Claim  8,  wherein  said  light  irradiating  means  comprises  a  laser  light  source. 

11.  A  sample  measuring  method  comprising: 
preparing  a  mixture  by  mixing  carriers  to  which  a  substance  specifically  reacting  on  an  object 

substance  adheres  with  a  sample  containing  said  object  substance; 
irradiating  light  having  an  intensity  gradient  onto  said  mixture  to  concentrate  said  carriers  at 

positions  irradiated  by  the  light,  thereby  increasing  the  efficiency  of  an  agglomeration  reaction  of  said 
carriers;  and 

detecting  a  state  of  agglomeration  of  the  carriers  within  said  mixture  to  perform  a  measurement  of 
the  object  substance. 

12.  A  method  according  to  Claim  11,  wherein  the  detection  of  said  state  of  agglomeration  comprises  optical 
detection. 

13.  A  method  according  to  Claim  11,  wherein  said  light  comprises  a  laser  light. 

14.  A  method  according  to  Claim  11,  wherein  said  carriers  comprise  latex  particles. 

15.  A  method  according  to  Claim  11,  wherein  said  substance  adhered  to  the  carriers  comprises  a 
monoclonal  antibody  specifically  coupled  to  an  object  antigen. 

16.  A  sample  measuring  apparatus  comprising: 
a  measuring  cell  for  receiving  a  mixture  prepared  by  mixing  carriers  to  which  a  substance 

specifically  reacting  on  an  object  substance  adheres  with  a  sample  containing  said  object  substance; 
light  irradiating  means  for  irradiating  light  having  an  intensity  gradient  onto  predetermined  positions 

within  said  measuring  cell  to  concentrate  said  carriers  at  the  irradiated  positions,  thereby  increasing  the 
efficiency  of  an  agglomeration  reaction; 

detection  means  for  detecting  a  state  of  agglomeration  of  the  carriers  within  said  measuring  cell; 
and 

arithmetic  means  for  performing  a  measurement  of  the  object  substance  according  to  detection 
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values  of  said  detection  means. 

17.  An  apparatus  according  to  Claim  16,  wherein  said  detection  means  comprises  optical  detection  means. 

18.  An  apparatus  according  to  Claim  16,  wherein  said  light  irradiating  means  comprises  a  laser  light 
source. 

19.  A  sample  measuring  method  comprising: 
preparing  a  mixture  by  mixing  carriers  to  which  a  substance  specifically  reacting  on  an  object 

substance  adheres  with  a  sample  containing  said  object  substance; 
irradiating  light  having  an  intensity  gradient  onto  said  mixture  to  concentrate  said  carriers  at 

positions  irradiated  by  the  light,  thereby  increasing  the  efficiency  of  an  agglomeration  reaction  of  said 
carriers;  and 

detecting  a  state  of  agglomeration  of  the  carriers  within  said  mixture,  wherein  the  agglomeration 
reaction  has  been  completed,  as  image  information  to  perform  image  analysis,  and  thereby  measure 
the  object  substance. 

20.  A  method  according  to  Claim  19,  wherein  the  detection  of  said  image  information  comprises  detecting 
an  image  of  the  sample  by  a  photosensor  array. 

21.  A  method  according  to  Claim  19,  wherein  the  detection  of  said  image  information  comprises  detecting 
an  image  by  performing  substantially  two-dimensional  optical  scanning  of  the  sample. 

22.  A  method  according  to  Claim  19,  wherein  the  analysis  of  said  image  information  uses  an  image 
obtained  by  binary-coding  a  detected  image  with  a  predetermined  threshold  value. 

23.  A  method  according  to  Claim  19,  whrein  the  analysis  of  said  image  information  comprises  calculating 
the  degree  of  said  agglomeration  by  calculating  an  autocorrelation  of  a  detected  image. 

24.  A  method  according  to  Claim  19,  wherein  the  analysis  of  said  image  information  comprises  calculating 
a  degree  of  said  agglomeration  by  extracting  contours  of  a  detected  image. 

25.  A  method  according  to  Claim  19,  further  comprising  the  step  of  changing  the  positions  irradiated  by  the 
light  in  said  mixture. 

26.  A  method  according  to  Claim  19,  wherein  said  light  comprises  a  laser  light. 

27.  A  sample  measuring  apparatus  comprising: 
a  measuring  cell  for  receiving  a  mixture  prepared  by  mixing  carriers  to  which  a  substance 

specifically  reacting  on  an  object  substance  adheres  with  a  sample  containing  said  object  substance; 
light  irradiating  means  for  irradiating  light  having  an  intensity  gradient  onto  predetermined  positions 

within  said  measuring  cell  to  concentrate  said  carriers  at  the  irradiated  positions,  thereby  increasing  the 
efficiency  of  an  agglomeration  reaction; 

detection  means  for  detecting  a  state  of  agglomeration  of  the  carriers  within  the  mixture,  wherein 
said  agglomeration  reaction  has  been  completed,  as  image  information;  and 

analyzing  means  for  analyzing  the  image  information  obtained  by  said  detection  means  to  measure 
the  object  substance. 

28.  An  apparatus  according  to  Claim  27,  wherein  said  detection  means  comprises  storage  means  for 
storing  the  detected  image  information  in  a  digital  form. 

29.  An  apparatus  according  to  Claim  27,  wherein  said  storage  means  comprises  a  digital  memory. 

30.  An  apparatus  according  to  Claim  27,  wherein  said  storage  means  comprises  a  video  device. 

31.  An  apparatus  according  to  Claim  27,  wherein  said  detection  means  comprises  a  photosensor  array. 

32.  An  apparatus  according  to  Claim  27,  wherein  said  detection  means  comprises  means  for  optically 
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scanning  the  sample  with  a  light  beam  spot. 

33.  An  apparatus  according  to  Claim  27,  wherein  said  analyzing  means  comprises  means  for  binary-coding 
a  detected  image  with  a  predetermined  threshold  value. 

34.  An  apparatus  according  to  Claim  27,  wherein  said  analyzing  means  comprises  means  for  calculating 
the  degree  of  said  agglomeration  by  calculating  an  autocorrelation  of  a  detected  image. 

35.  An  apparatus  according  to  Claim  27,  wherein  said  analyzing  means  comprises  means  for  calculating 
the  degree  of  said  agglomeration  by  extracting  contours  of  a  detected  image. 

36.  An  apparatus  according  to  Claim  27,  further  comprising  means  for  changing  the  positions  irradiated  by 
the  light  in  said  mixture. 

37.  An  apparatus  according  to  Claim  27,  wherein  said  light  irradiating  means  comprises  a  laser  light 
source. 
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